The present study examined the influence of the extent of the ischemic area on right ventricular (RV) systolic function and the relation between the RV global and regional systolic function in patients with anteroseptal myocardial infarction (MI). Biplane right ventriculography was performed in 15 subjects as the control group, and 46 patients with anteroseptal MI as the MI group. Three dimensions of the RV (the long axis dimension [LA] , the anterior-posterior dimension [AP] and the septum-free wall dimension [SF] ) were examined to assess regional function The MI group had a larger right ventricular end-systolic volume index and lower right ventricular ejection fraction than the control group. The more proximal the coronary lesion, the lower was the ejection fraction of the RV in the MI group. The MI group had lower percent shortening (%shortening) of the SF than the control group, but there were no significant change in the %shortening of AP and LA between the groups. The results suggest that the degree of impairment of RV systolic function depends on the extent of the infarcted area, and that the impairment is mainly from a reduction in the %shortening of the SF. success rate was 100%; 24 patients (15 males, 9 females) had proximal lesions of the left anterior descending coronary artery (#6 on AHA classification), and 22 (16 males, 6 females) had distal lesions (#7 on AHA classification). After the MI, the patients were treated with nitrate, -blocker, anti-arhythmics, calcium antagonist, angiotensinconverting enzyme inhibitor, nicorandil and diuretics. There were some patients with diabetes mellitus and some were smokers. Medication, prevalence of diabetes mellitus, and smoking habit were not different between groups #6 and #7. In the MI group, cardiac catheterization was performed from 1 to 9 months after the first attack. Peak creatine kinase was higher in #6 group than in #7 group. There was no significant difference in the restenosis rate among the 2 groups. The patients' backgrounds are shown in Table 1 .
Procedures
Routine left and right catheterization was performed using a standard technique. After left ventricular angiography and coronary angiography, biplane right ventricular angiography was performed with 35 mm cine film at a rate of 50 frames/s in the steep left anterior oblique view and right anterior oblique view projection perpendicular to the left anterior oblique projection as described in previous reports. 9, 10 Briefly, we chose the angle of the left anterior oblique view in which the interventricular septum was seen best by biventriculography. In this series, all patients underwent right ventriculography at 45°in the left anterior oblique view. Shallow spontaneous breathing was permitted during right ventriculography to avoid the influence of the Valsalva maneuver.
A representative right ventriculography image is shown in Fig 1. Nishiya's catheter and contrast medium (iopamidol: flow rate 13 ml/s, total 40 ml) were used in most cases.
Data Analysis
Frames from 1 cardiac cycle of the right ventriculogram from before the electrocardiographic P wave to behind the next P wave were analyzed. The right ventricular silhouette on each frame of the biplane right ventriculogram was projected. Its outline was determined visually and traced by hand. The obtained outline of the right ventricular chamber was then digitized with a magnetic cursor (KD 4300; Graphic Corp, Tokyo, Japan) that was connected to a personal computer (9801RX; NEC, Tokyo, Japan). The geometric data were stored on floppy disks.
The right ventricular volume was calculated using Simpson's rule. 11 The raw data of the right ventricular volume were corrected by the following regression equation by Ishigaki et al: 8, 9 true volume (ml) = 0.87 × raw volume (ml) -4.8.
From this analysis, we drew a volume -time curve for the right ventricle over one cardiac cycle. The maximal right ventricular volume was determined as the right ventricular end-diastolic volume and the minimal right ventricular volume was determined as the right ventricular endsystolic volume.
We determined 3 axes of the right ventricle to analyse the dimensional wall motion of the right ventricle (Fig 2) . 9, 10 (1) In the right anterior oblique view, the long axis dimension (LA) was defined as the distance from the midpoint between the anterior side of the pulmonary valve and the inferior side of the tricuspid valve to the right ventricular apex.
(2) In the right anterior oblique view, the anterior -posterior dimension (AP) was determined as the distance from the anterior wall to the inferior wall crossing the mid-point of the long axis diameter, parallel with the line between the anterior side of the pulmonary valve and the inferior side of the tricuspid valve.
(3) In the left anterior oblique view, the septum-free wall dimension (SF) was defined as the distance between the right ventricular septum and the free wall, crossing perpendicular to a line connecting the left ventricular side of the pulmonary artery valve and the right ventricular apex at the mid-point of this line.
In each dimension, we simultaneously measured the end-diastolic dimension and end-diastolic volume, and the end-systolic dimension and end-systolic volume. The percent shortening (%shortening) of each dimension was calculated as 100 × (end-diastolic dimension -end-systolic dimension)/end-diastolic dimension.
Statistics
Data are expressed as mean ± SD. Statistical differences among groups were assessed by one-way analysis of variance. If a significant value was found, Scheffe's multiple comparison was used to identify differences between groups. Statistical significance was defined when the p value was less than 0.05.
Multiple linear regression analysis was used to test the independent influences of left ventricular EF (LVEF), mean pulmonary artery pressure (right ventricular afterload), and diseased portion. Dummy variables were used for the diseased portion (0 = control, 1 = #7 group and 2 = #6 group), diabetes mellitus (0 = absence, 1 = presence), and smoking (0 = no, 1 = yes). The general linear model used was: RVEF or %shortening of SF = C0 + C1 LVEF + C2 mean Pulmonary artery pressure + C3 diseased portion + C4 diabetes mellitus + C5 smoking, with a constant (C0) and 5 linear coefficients (C1 -C5).
Results

Hemodynamic Data (Table 2)
The group with the proximal lesions (#6 group) had higher mean pulmonary artery and right ventricular systolic pressures than the distal lesion (#7) group, and higher left ventricular end-diastolic pressure and lower left ventricular systolic pressure than the control group. Groups #6 and #7 both had lower mean aortic pressure, cardiac index, and stroke volume index than the control group. There were no significant change in either systemic or pulmonary vascular resistance among the 3 groups.
Volume Data (Table 3)
In the analysis of left ventricular volume, group #6 had a larger end-diastolic volume index than did the control group. Groups #6 and #7 both had a larger end-systolic volume index and lower LVEF than the control group. Group #6 had a larger left ventricular end-systolic volume index and lower EF than did group #7.
However, in the analysis of right ventricular volume, groups #6 and #7 both had a larger end-diastolic volume index than the control, but the difference was not significant. Groups #6 and #7 both had a larger end-systolic volume index and lower EF than the control group. Moreover, group #6 had a larger end-systolic volume index and lower EF than group #7.
Dimensional Data of the Right Ventricle (Table 4)
Group #6 had a larger end-diastolic and end-systolic dimension of the SF than both group #7 and the control group. Group #7 had a larger end-systolic dimension of the SF than the control group. Groups #6 and #7 both had less shortening of the SF than did the control group. There was no significant change in the end-diastole and end-systole dimension and %shortening of AP and LA among the 3 groups.
Multiple regression analysis showed that the diseased portion was a significant determinant for both RVEF and %shortening of the SF, but the mean pulmonary artery pressure, LVEF, diabetes mellitus, and smoking were not (Table 5) .
Discussion
In the present study, we showed that anteroseptal MI of the left anterior descending coronary artery (single vessel disease) influenced right ventricular systolic function, which was more impaired with more proximal lesions.
Right Ventricular Global Function
Myocardial infarction patients had a larger, but not significantly, right ventricular end-diastolic volume index and end-systolic volume index, and a lower RVEF than did the control group. The RVEF was lower in groups #7 and #6, in that order, than in the control group. It appeared that larger MI were accompanied by a lower RVEF. The increase in the right ventricular preload seemed to be only slight, because the reduction in the EF was smaller in the right ventricle than in the left, and the stroke volumes were equal in both ventricles. An magnetic resonance imaging study also showed that the RVEF decreased without an enlargement of the right ventricle in patients with anteroseptal MI. 12 Berger et al showed that there were no significant differences between right and left ventricular EF in patients with pulmonary heart diseases and that changes in the RVEF resulted not from direct interaction through the interventricular septum, but from serial interaction through pulmonary vascular resistance. 13 In the present study, there were no differences in the pulmonary vascular resistance between the MI group and control group, but the pulmonary artery pressure was higher in the MI group. An elevation of the right ventricular afterload because of an increase in the left ventricular end-diastolic pressure, that is, some kind of serial interaction, may reduce the RVEF. However, it is known that, in valvular disease patients, the RVEF correlates with the mean pulmonary artery pressure in patients with and without tricuspid insufficiency. 14 Multiple regression analysis in the present study revealed that only the diseased portion was a significant determinant of the RVEF and that the mean pulmonary artery pressure and LVEF were not.
On the other hand, in a porcine model of acute anteroseptal infarction, the right ventricular dp/dt, one of the contractile parameters, was significantly altered and accompanied by an increase in right ventricular end-diastolic pressure. 15 There were some differences in the hemodynamic effects of coronary occlusion, perhaps because of differences in the conditions; that is, the difference between a clinically chronic state in patients treated with coronary intervention as in the present study and super-acute or acute phase cases without any medication.
Dimensional Analysis of Right Ventricular Function
In the right ventricular dimensional analysis, the more proximal the occlusion in the left anterior descending artery, the bigger the end-diastolic and end-systolic SF dimensions were and the smaller was the SF %shortening. But there were no significant differences in either the AP or LA dimension between the control group and MI group. These data suggest that a change in the SF dimension results in changes in right ventricular volume and EF.
We previously reported that the RVEF was directly defined as the function of %shortening of the 3 right ventricular dimensions, which are the septum-free wall dimension, the anterior-posterior dimension, and the long axis dimension, and that each %shortening was equivocal in the function in patients without MI or right ventricular overload. Because the shortening of the SF dimension was largest among the 3 dimensions in most cases, the RVEF suffered the largest effect. Our present study revealed that a decrease in the RVEF resulted from the decrease in Bellow's action, which was injured in patients with anteroseptal MI. The potential causes of the decrease in shortening of the SF are an increase in the right ventricular afterload, an elevation of the pulmonary artery pressure, and involvement of the infarcted myocardial in the intraventricular septum itself. However, multiple regression analysis showed that only the diseased portion was a significant determinant of the %shortening of the SF, and the mean pulmonary artery pressure and left ventricular ejection fraction were not, as was also the case for the determinants of the RVEF. The mean pulmonary artery pressure was not the determinant because only small differences in mean pulmonary artery pressure occurred between the 3 groups, as shown in Table 2 . In this study, a more proximal coronary occlusion was accompanied by greater impairment of both shortening of the SF and the LVEF in the groups, but multiple regression analysis indicated that the 2 parameters changed independently of each other. This finding may reflect the variety of coronary perfusion areas in each case. Moreover, the left ventricular free wall might directly relate to the decrease in SF dimensional shortening because the myocardial layer in the right ventricular free wall is partly connected to that in the left ventricular free wall. But we have no data about this direct influence of the left ventricular free wall on the right ventricular function.
Study Limitations
Our analysis was based on the assumption that group #6 had larger infarcted areas than did group #7, but the area of impairment may vary even among the cases in the same group. This is the reason why the values of many parameters in this analysis overlapped between the groups. It is meaningful that, in spite of this limitation, we were able to obtain these results in the present paper. We were not able to exclude the effects of medication, the presence of diabetes mellitus or smoking habits from our results, but there was no significant difference among the medications of the MI group. Moreover, multiple regression analysis revealed that the presence of diabetes mellitus and smoking habit did not influence right ventricular function in the present series.
Conclusion
The RVEF was decreased in patients with antero-septal MI from occlusion of the left anterior descending coronary artery. From the view-point of dimensional wall motion analysis, the decrease in RVEF resulted from the decrease in SF shortening.
